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(57) ABSTRACT

A method for testing a plurality of semiconductor devices
arranged on a strip may include forming an array of semicon-
ductor devices on a frame, wherein contact pads of adjacent
semiconductor devices are shorted, partially cutting the strip
to electrically isolate individual semiconductor devices in the
array, placing the strip on an adhesive tape configured to
withstand low temperatures (e.g., below -20° C. or below
-50° C.), arranging the strip and tape on a test chuck, expos-
ing the test chuck, strip, and tape to temperatures below an
ambient temperature and testing the plurality of semiconduc-
tor devices while exposed to a low temperature. In one
embodiment a KAPTON™ film is used as the adhesive tape.

16 Claims, 5 Drawing Sheets
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1
METHOD AND APPARATUS FOR
SEMICONDUCTOR TESTING AT LOW
TEMPERATURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Divisional of U.S. patent application
Ser. No. 14/204,123 filed Mar. 11, 2014, which claims the
benefit of U.S. Provisional Application No. 61/784,499 filed
on Mar. 14, 2013, both which are incorporated herein in its
entirety.

TECHNICAL FIELD

The present disclosure relates to a method for semiconduc-
tor testing, in particular for no-leads-packages isolation (Par-
tial Cut) strip on film frame testing at low temperature.

BACKGROUND

No leads-packages used for semiconductor devices are for
example quad-flat no-leads (QFN) or dual-flat no-leads
(DFN) packages. Such devices comprise a semiconductor die
within a molded housing that comprises no leads. The hous-
ing comprises contact pads that do not extend from the hous-
ing. In the manufacturing process, a plurality of these devices
are placed on a respective QFN/DFN metal “lead frame™ and
molded together to form a strip including a matrix of a plu-
rality of devices as shown in FIG. 1.

During the conventional QFN/DFN assembly process, the
semiconductor devices in the molded strip are shorted
together and thus do not allow for testing. Thus, to process
this strip as shown in FIG. 1 to a so-called strip test form, the
semiconductor devices need to be at least partially isolated
prior to testing. This is usually accomplished by a saw blade,
laser or water jet. FIG. 2 shows a close-up of several semi-
conductor devices arranged in a strip after partial isolation. As
shown, the devices are cut at a location that separates the
contact pads of adjacent semiconductor devices. Some strip
warping is often found after such a partial isolation process.
However, the strip can still be used for testing in respective
machines for ambient or high temperature strip testing.

Certain semiconductor devices, for example devices for the
automotive industry, require testing at low temperatures.
However, the isolation (partial cut) strip may experience sig-
nificant warping when exposed to low temperatures, for
example at temperatures below -20° C. in an environment
chamber due to the property of the metal lead frame (strip).
Due to the warping caused by such low temperatures, testing
cannot be properly performed, for example, because the
warping will cause a vacuum mechanism in a conventional
strip test handler to fail. FIGS. 3A and 3B show an example of
a warped strip after exposure to low temperatures. For this
reason, many semiconductor manufacturers limit the testing
of isolation strips to ambient testing and do not perform
testing at lower temperatures.

Another attempted solution for strip testing at low tempera-
tures is to leave the semiconductor devices on a film frame
after full separation (singulation) of the devices, and perform
low temperature testing on the singulated devices. However,
tape distortion during the singulation process affects the
alignment and/or spacing between devices, leading to prob-
lems during subsequent picking of the devices from the
frame, and limiting the number of parallelism testing.

Thus, there is a need for an improved manufacturing and/or
assembly procedure to allow low temperature testing of semi-
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conductor devices in no-lead packages, e.g., semiconductor
devices arranged in an isolation (partially cut) strip.

SUMMARY

One embodiment provides a method for testing a plurality
of semiconductor devices arranged on a strip may include
forming an array of semiconductor devices on a frame,
wherein contact pads of adjacent semiconductor devices are
shorted, partially cutting the strip to electrically isolate indi-
vidual semiconductor devices in the array, placing the strip on
an adhesive tape configured for use at temperatures extending
below -20° C., arranging the strip and tape on a test chuck,
exposing the test chuck, strip, and tape to temperatures below
an ambient temperature and testing the plurality of semicon-
ductor devices while exposed to a low temperature.

The adhesive tape may an adhesion of more than 1,200
gt/in before a UV cure and/or an adhesion ofless than 10 gf/in
after a UV cure. The adhesive tape is configured to withstand
up to =50° C. without changing any thermal property of the
semiconductor devices arranged on the tape. For example, a
KAPTON™ film may be used as the adhesive tape.

Another embodiment provides an apparatus for testing
semiconductor devices at low temperature, comprising a test
chuck, an adhesive tape arranged on the test chuck, and an
isolated test strip arranged on the adhesive tape, the isolated
test strip comprising an array of semiconductor devices on a
frame and being partially cut to electrically isolate adjacent
semiconductor devices in the array. The adhesive tape is
configured for use at temperatures extending below -20° C.,
or below to —50° C. For example, a KAPTON™ film may be
used as the adhesive tape. In addition, a metal frame may be
arranged over the tape and surrounding the strip.

BRIEF DESCRIPTION OF THE FIGURES

Example embodiments are discussed below with reference
to the drawings, in which:

FIG. 1 illustrates an example strip including a plurality of
semiconductor devices arranged in an array on a metal lead
frame;

FIG. 2 shows a close-up view of a portion of the strip of
FIG. 1, with adjacent semiconductor devices being partially
isolated by a cut line formed by a saw blade, laser or water jet,
to form an isolation strip;

FIGS. 3A and 3B show the isolation strip of FIG. 2
arranged on a test chuck, with the isolation strip being warped
by exposed to low temperature;

FIGS. 4A and 4B illustrate an example apparatus for low
temperature testing of a partially cut test strip, including an
adhesive tape for securing the partially cut test strip to a test
strip during low temperature testing, according to an example
embodiment; and

FIG. 5 illustrates an example method 200 of a low tem-
perature testing process using an example apparatus as shown
in FIGS. 4A and 4B.

DETAILED DESCRIPTION

As discussed above, the present disclosure provides
embodiments for low temperature testing of an isolated (par-
tially cut) semiconductor device test strip, which may avoid
or reduce problems associated with convention techniques,
such as the problem of lead frame warping during low tem-
perature exposure.

According to various embodiments, to eliminate warping
of the semiconductor device strip at low temperature, the
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semiconductor device test strip is secured to a test chuck
using a special adhesive tape, and a frame is applied. In some
embodiments, the strip is only partially cut to maintain the
devices at their intended position and chip-to-chip spacing,
suitable for performing proper testing. A frame is then placed
over the strip-adhesive tape assembly. This measure has been
proven to be effective and reliable over time without changing
any product characteristic of the IC testing strip.

FIGS. 4A and 4B illustrate an example apparatus 100 for
low temperature testing of a partially cut test strip, according
to an example embodiment. FIG. 4A shows an exploded view
of apparatus 100, while FIG. 4B shows a partial assembled
view of apparatus 100. As shown, apparatus 100 includes a
test strip 102 including a two-dimensional array of semicon-
ductor devices (e.g., chips) 104 on a lead frame 105, a test
chuck 110 for supporting test strip 102, an adhesive tape (or
film) 120, and an optional metal frame 124. The adhesive tape
120 is applied to a top surface of test chuck 110, and the test
strip 102 is then mounted onto the adhesive tape 120. The
optional metal frame 124 may also be mounted onto the
adhesive tape 120 in an manner that surrounds test strip 102.

Test strip 102 may be partially cut, e.g., using a saw blade,
laser or water jet, to isolate the individual semiconductor
devices 104 from each other, as indicated by cut lines 106
between adjacent semiconductor devices 104. This isolation
is provided to avoid shorting between the semiconductor
devices 104 during testing.

The adhesive tape or film 130 may configured to withstand
low temperatures, e.g., extending below -20° C. or even
below -50° C., while maintaining sufficient adhesion and
without changing any thermal property of the overlying semi-
conductor devices 104. In some embodiments, adhesive tape
130 provides more than 1,200 gf/in adhesion between the test
chuck 110 and test strip frame 105 (e.g., SUS304 stainless
steel) at both ambient temperatures and low temperatures,
e.g., below -20° C. or below -50° C. This adhesion may
reduce or eliminate the possibility of the isolation (partially
cut) test strip 102 from deforming, e.g., warping, under all
testing temperatures. In some embodiments, the adhesive
tape 130 also provides less than 10 gf/in adhesion between the
adhesive tape 130 and test strip frame 105 after being UV
cured, which substantially reduces or eliminates residue
remaining on the test strip lead frame 105 after the tape
demounting process. In some embodiments, the adhesive
tape 130 is a KAPTON™ film.

FIG. 5 illustrates an example method 200 of a low tem-
perature testing process using an example apparatus 100 as
shown in FIGS. 4A and 4B. At step 202, a DFN/QFN lead
frame strip with molded encapsulation is formed. A strip saw
mount is performed at step 204. Then, at step 206, a partial cut
is performed on the test strip to form the isolation test strip
102 shown in FIGS. 4A and 4B. At step 208, the isolation test
strip 102 is then mounted to a test chuck 110 using adhesive
tape 130, as shown in FIGS. 4A and 4B. At step 210, the
mounted test strip 102 is tested at ambient, hot, and cold (e.g.,
below —20° C. or below -50° C.) temperatures. A UV erase is
then performed at step 212. A tape de-mount and strip mark-
ing may then be performed at step 214. At step 216, the test
strip may be saw mounted and singulated. Finally, at step 218,
the singulated devices (e.g., chips) may be inspected and
placed into a tube or reel.

The arranged of FIGS. 4A and 4B and process of FIG. 5
may allow for an increasing DFN/QFN parallelism at low
temperature film frame testing. Furthermore, the package size
limitation on wide range temperature testing may be elimi-
nated. Finally, conversion time or change over tool costs may
be reduce or eliminated.
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Although the disclosed embodiments are described in
detail in the present disclosure, it should be understood that
various changes, substitutions and alterations can be made to
the embodiments without departing from their spirit and
scope.

What is claimed is:

1. A method for testing a plurality of semiconductor
devices arranged on a strip, comprising:

forming an array of semiconductor devices on a frame,

wherein contact pads of adjacent semiconductor devices
are shorted;

partially cutting the strip to electrically isolate individual

semiconductor devices in the array;

placing the strip on an adhesive tape configured to resist

warping of the isolated test strip away from the test
chuck at temperatures extending below -20° C.;
arranging the strip and tape on a test chuck;

exposing the test chuck, strip, and tape to temperatures

below an ambient temperature; and

testing the plurality of semiconductor devices while

exposed to a low temperature.
2. The method according to claim 1, further comprising
placing a metal frame on the tape surrounding the strip.
3. The method according to claim 1, wherein the strip is
partially sawed such that side rails remain on the strip.
4. The method according to claim 1, wherein the adhesive
tape has an adhesion of more than 1,200 gf/in before a UV
cure.
5. The method according to claim 1, wherein the adhesive
tape has an adhesion of less than 10 gf/in after a UV cure.
6. The method according to claim 1, wherein the adhesive
tape is configured to withstand up to —50° C. without chang-
ing any thermal property of the semiconductor devices
arranged on the tape.
7. The method according to claim 1, wherein the adhesive
tape is an adhesive film synthesized by polymerizing an aro-
matic dianhydride and an aromatic diamine.
8. A method for testing semiconductor devices at low tem-
perature, comprising:
providing a test chuck;
arranging an adhesive tape on the test chuck; and
arranging an isolated test strip on the adhesive tape, the
isolated test strip comprising an array of semiconductor
devices on a frame and being partially cut to electrically
isolate adjacent semiconductor devices in the array;

wherein the adhesive tape is configured to resist warping of
the isolated test strip away from the test chuck at tem-
peratures extending below -20° C.

9. The method according to claim 8, further comprising the
step of arranging a metal frame over the tape and surrounding
the strip.

10. The method according to claim 8, wherein the strip is
partially sawed such that side rails remain on the strip.

11. The method according to claim 8, wherein the adhesive
tape has an adhesion of more than 1,200 gf/in before a UV
cure.

12. The method according to claim 8, wherein the adhesive
tape has an adhesion of less than 10 gf/in after a UV cure.

13. The method according to claim 8, wherein the adhesive
tape is configured to withstand up to —50° C. without chang-
ing any thermal property of the semiconductor devices
arranged on the tape.

14. The method according to claim 8, wherein the adhesive
tape is an adhesive film synthesized by polymerizing an aro-
matic dianhydride and an aromatic diamine.

15. A method for testing semiconductor devices at low
temperature, comprising:
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providing a test chuck;
arranging an adhesive tape on the test chuck; and
arranging an isolated test strip on the adhesive tape, the
isolated test strip comprising an array of semiconductor
devices on a frame and being partially cut to electrically 5
isolate adjacent semiconductor devices in the array;
wherein the adhesive tape is configured to resist warping of
the isolated test strip away from the test chuck at tem-
peratures extending below -20° C.,
wherein the adhesive tape has an adhesion of more than 10
1,200 gf/in before a UV cure, and
wherein the adhesive tape has an adhesion of less than 10
gt/in after a UV cure.
16. A method according to claim 15, wherein the adhesive
tape is an adhesive film synthesized by polymerizing an aro- 15
matic dianhydride and an aromatic diamine.
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